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Supplementary Figure 1. All SNX-BAR proteins are associated with liposomes.
Coomassie-gel analysis of (A) all full-length mammalian SNX-BAR proteins, (B) Caenorhabditis elegans 
SNX6 (CeSNX6) and Homo sapiens VPS35 (HsVPS35), and (C) all mutant SNX-BAR proteins used in 
this study in the pellet (P) and supernatant (S) fractions after sedimentation in the presence or absence of 
liposomes.
(D) Example micrographs of liposomes incubated with control buffer, 10 μM SNX1-WT, 10 μM SNX5-WT, 
40 μM SNX5-WT or 100 μM SNX5-WT final concentration for each protein (i-iii show three different 
example views), scale bar represents 200 nm, tubules are indicated by arrowheads.
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Supplementary Figure 2: Liposomes incubated with SNX5 or SNX7 do not contain more 
small vesicle production compared to SNX1 or buffer control.
Example micrographs of liposomes incubated with control buffer, SNX1-WT, SNX5-WT or 
SNX7-WT (A) before sedimentation and (B) the supernatant after 15 minute spin at 250,000 
x g (i-iii show three different example views). Scale bar represents 200 nm. Tubules are 
indicated by arrowheads.



SNX1-dssp                                                                      HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH
SNX1      RAALERYLQRIVNHPTMLQDPDVREFLEK-EELPRAVGTQTLSGAGLLKMFNKATDAVSKMTIKMNESDIWFEEKLQEVECEEQRLRKLHAVVETLVNHRK-ELALNTAQFAKSLAMLGS 356
SNX2      RAALERYLQRTVKHPTLLQDPDLRQFLES-SELPRAVNTQALSGAGILRMVNKAADAVNKMTIKMNESDAWFEEKQQQFENLDQQLRKLHVSVEALVCHRK-ELSANTAAFAKSAAMLGN 353
SNX5      VSSHEVFLQRLSSHPVLSKDRNFHVFLEYDQDLSVRRKNTKEMFGGFFKSVVKSADEV--LFTGVKEVDDFFEQEKNFLINYYNRIKDSCVKADKMTRSHK-NVADDYIHTAACLHSLA- 255
SNX6      VAMHEVFLCRVAAHPILRRDLNFHVFLEYNQDLSVRGKNKKEKLEDFFKNMVKSADGV--IVSGVKDVDDFFEHERTFLLEYHNRVKDASAKSDRMTRSHK-SAADDYNRIGSSLYALG- 268
SNX33     KRRLILWMDHMTSHPVLSQYEGFQHFLSCLDDKQWKMGKRRAEKDEMVGASFLLTFQIPTEHQDLQDVEDRVDTFKAFSKKMDDSVLQLSTVASELVRKHVGGFRKEFQKLGSAFQAISH 426
SNX7      RKALHKFLNRIADHPTLTFNEDFKIFLTA---QAWELSSHKKQGPGLLSRMGQTVRAVASSMRGVKNRPEEFMEMNNFIELFSQKINLIDKISQRIYKEER-EYFDEMKEYGPIHILWSA 297
SNX4      RIGLENFLLRIASHPILCRDKIFYLFLTQEGNWKETVNETG------FQLKADSRLKALNATFRVKNPDKRFTDLKHYSDELQSVISHLLRVRARVADRLY-GVYKVHGNYGRVFSEWSA 267
SNX8      RRALKRFVNLVARHPLFSEDVVLKLFLSFSGSDVQN--KLKESAQCVGDEFLNCKLATRAKDFLPADIQAQFAISRELIRNIYNSFHKLRDRAERIASRAI-DNAADLLIFGKELSAIGS 265
SNX9      MERLQAWMTRMCRHPVISESEVFQQFLNFRDEKEWKTGKRKAERDELAGVMIFSTMEPEAPDLDLVEIEQKCEAVGKFTKAMDDGVKELLTVGQEHWKRCTGPLPKEYQKIGKALQSLAT 447
SNX9-dssp HHHHHHHHHHHHT TTGGGSHHHHHHHS  SHHHHHHHHHHHHT    GGGGGGGEEE S    HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHTTHHHHHHHHHHHHHHHHHH
                ::     ** :     .  **                                       :                . .                         .      .

SNX1-dssp T  SH            HHHHHHHHHHHHHHHHHHHHHHHHTTTTHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHS HHHHHHHHHHHHHHHHHHHHH
SNX1      SEDNT------------ALSRALSQLAEVEEKIEQLHQEQANNDFFLLAELLSDYIRLLAIVRAAFDQRMK-TWQRWQDAQATLQKKREAEARLLWANKPDKLQQAKDEILEWESRVTQY 463
SNX2      SEDHT------------ALSRALSQLAEVEEKIDQLHQEQAFADFYMFSELLSDYIRLIAAVKGVFDHRMK-CWQKWEDAQITLLKKREAEAKMMVANKPDKIQQAKNEIREWEAKVQQG 460
SNX5      LEEPT------------VIKKYLLKVAELFEKLRKVEGRVSSDEDLKLTELLRYYMLNIEAAKDLLYRRTK-ALIDYENSNKALDKAR----------------LKSKDVKLAEAHQQEC 346
SNX6      TQDST------------DICKFFLKVSELFDKTRKIEARVSADEDLKLSDLLKYYLRESQAAKDLLYRRSR-SLVDYENANKALDKAR----------------AKNKDVLQAETSQQLC 359
SNX33     SFQMDPPFCSE------ALNSAISHTGRTYEAIGEMFAEQPKNDLFQMLDTLSLYQGLLSNFPDIIHLQKG-AFAKVKESQRMSDEGR-----------------------MVQDEADGI 516
SNX7      SEED--------------LVDTLKDVASCIDRCCKATEKRMSGLSEALLPVVHEYVLYSEMLMGVMKRRDQ-IQAELDSKVEVLTYKK-------------------ADTDLLPEEIGKL 383
SNX4      IEKEMG--------------DGLQSAGHHMDVYASSIDDILEDE-EHYADQLKEYLFYAEALRAVCRKHEL-MQYDLEMAAQDLASKKQQCEELVTGTVRTFSLKGMTTKLFGQETPEQR 371
SNX8      DTTPLPSWAALNSSTWGSLKQALKGLSVEFALLADKAAQQGKQEENDVVEKLNLFLDLLQSYKDLCERHEKGVLHKHQRALHKYSLMKR-------------QMMSATAQNREPESVEQL 372
SNX9      VFSSSGYQGET------DLNDAITEAGKTYEEIASLVAEQPKKDLHFLMECNHEYKGFLGCFPDIIGTHKG-AIEKVKESDKLVATSK-----------------------ITLQDKQNM 537
SNX9-dssp HHHTS  SS H      HHHHHHHHHHHHHHHHHHHHHTSTTTTHHHHHHHHHHHHHHHTTHHHHHHHHHH HHHHHTTHHHHHHTTS                       S HHHHHHH
                                :   .       .                   :             :        .         :                                 

SNX1-dssp HHHHHHHHHHHH                     HHHHHHHHTTTT HHHHHHHHHHHHHHHHHHHHHHHT 
SNX1      ERDFERISTVVR---------------------KEVIRFEKEKSKDFKNHVIKYLETLLYSQQQLAKYWEAFLPEAKAIS--------------------- 522
SNX2      ERDFEQISKTIR---------------------KEVGRFEKERVKDFKTVIIKYLESLVQTQQQLIKYWEAFLPEAKAIA--------------------- 519
SNX5      CQKFEQLSESAK---------------------EELINFKRKRVAAFRKNLIEMSELEIKHARNNVSLLQSCIDLFKNN---------------------- 404
SNX6      CQKFEKISESAK---------------------QELIDFKTRRVAAFRKNLVELAELELKHAKGNLQLLQNCLAVLNGDT--------------------- 418
SNX33     RRRCRVVGFALQ---------------------AEMNHFHQRRELDFKHMMQNYLRQQILFYQRVGQQLEKTLRMYDNL---------------------- 574
SNX7      EDKVECANNALK---------------------ADWERWKQNMQNDIKLAFTDMAEENIHYYEQCLATWESFLTSQTNLHLEEASEDKP------------ 451
SNX4      EARIKVLEEQINEGEQQLKSKNLEGREFVKNAWADIERFKEQKNRDLKEALISYAVMQISMCKKGIQVWTNAKECFSKM---------------------- 450
SNX8      ESRIVEQENAIQTMELRN--------YFSLYCLHQETQLIHVYLPLTSHILRAFVNSQIQGHKEMSKVWNDLRPKLSCLFAGPHSTLTPPCSPPEDGLCPH 465
SNX9      VKRVSIMSYALQ---------------------AEMNHFHSNRIYDYNSVIRLYLEQQVQFYETIAEKLRQALSRFPVM---------------------- 595
SNX9-dssp HHHHHHHHHHHH                     HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHTTS
                     .                      :               .       :  .                                        

SNX5      FFKSVVKSADEV--LFTGVKEVDDFFEQEKNFLINYYNRIKDSCVKADKMTRSHKNVADDYIHTAACLHSLA-LEEPTVIKKYLLKVAELFEKLRKVEGRVSSDEDLKLTELLRYYMLNI 302
SNX1      LLKMFNKATDAVSKMTIKMNESDIWFEEKLQEVECEEQRLRKLHAVVETLVNHRKELALNTAQFAKSLAMLGSSEDNTALSRALSQLAEVEEKIEQLHQEQANNDFFLLAELLSDYIRLL 403

SNX5      EAAKDLLYRRTKALIDYENSNKALDKAR----------------LKSKDVKLAEAHQQECCQKFEQLSESAKEELINFKRKRVAAFRKNLIEMSELEIKHARNNVSLLQSC 397
SNX1      AIVRAAFDQRMKTWQRWQDAQATLQKKREAEARLLWANKPDKLQQAKDEILEWESRVTQYERDFERISTVVRKEVIRFEKEKSKDFKNHVIKYLETLLYSQQQLAKYWEAF 514
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Supplementary Figure 3: Sequence alignments used to construct the homology model of SNX5 based on SNX1.
(A) Overview of the domain structure of the Homo Sapiens SNX-BAR proteins. Numbers indicate amino acids in 
the sequence.
(B) Multi-alignment of SNX1, SNX2, SNX4, SNX5, SNX6, SNX7, SNX8, SNX9 and SNX33. SNX1-dssp and 
SNX9-dssp indicate the secondary structure per residue (H = α-helix, E = β-sheet, G = 3-helix S = bend, T = 
hydrogen bonded turn), based on SNX1 crystal structure in this study and the SNX9 structure published else-
where (Pylypenko et al., 2007). α-Helixes of the BAR domain are indicated for SNX1 (green) and SNX9 (yellow). 
(C) The sequence alignment used for the homology model of SNX5 based on the SNX1 structure. This align-
ment was extracted from the multi-alignment in (B). 
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Supplementary Figure 4: Removal of charged residues in the BAR interface of SNX1 and SNX8 
allows dimerization of these two proteins.
(A) Immunoblots of expressed Flag-SNX8-WT or Flag-SNX8-E310I co-expressing GFP control, 
GFP-SNX8-WT, GFP-SNX1-WT or GFP-SNX1-R337L precipitated using GFP nanotrap.
(B) Quantitative analysis of the SNX1-SNX8 interaction as depicted in A, expressed as percent-
age of the SNX8-WT:SNX8-WT interaction. Intensity of fluorescent secondary antibodies was 
detected by an Odyssey membrane scanner and quantified in ImageJ. Values are average of 4 
independent experiments, error bars indicate SEM. Asterisk indicates significant difference as 
tested by t-test, p > 0.05.
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Supplementary Figure 5: The amphipathic helixes of SNX-BAR proteins.
(A) Cartoons of the arrangement of the 18-residue AHs of SNX5, SNX6, SNX7, SNX8, SNX30 
and SNX32 identified in this study (see Figure 6A).
(B) Immuno-blots of expressed wild type (WT) and amphipathic helix mutants (dAH) of Flag- and 
GFP-tagged SNX8 proteins in HEK-293T cells using GFP-nanotrap IP.
(C) Immuno-blots of expressed wild type (WT) and amphipathic helix mutants (dAH) of Flag- and 
GFP-tagged SNX1 and SNX5 in HEK-293T cells using GFP-nanotrap IP.
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Supplementary Figure 6: Endosomal tubulation by SNX-BAR-dAH mutant protein expression in 
intact mammalian cells.
Confocal microscopy images of HeLa cells expressing (A) GFP-SNX1-WT, GFP-SNX5-WT or 
GFP-SNX8-WT or (B) GFP-SNX1-dAH, GFP-SNX5-dAH or GFP-SNX8-dAH in green, nucleus 
was stained by DAPI (blue). Colour images show the whole-cell distribution of the expressed 
protein, black-and-white images show the GFP-signal in the boxed area. Scale bar represents 10 
μm, GFP-labeled tubules are indicated by arrowheads. 



SNX5-WT  311 RRTKALIDYENSNKALDK-----ARL--KSKDVKLAEAHQQ---------ECCQKFEQLS 354
SNX5-1TIP 311 RRTKALIDYQDAQATLQKKREAEARLLWANKPDKLQQAKDEILEWESRVTQCCQKFEQLS 370
consensus  RRTKALIDY------L-K-----ARL----K--KL--A-------------CCQKFEQLS

B
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Supplementary Figure 7: The tip-loop region of SNX1 and SNX5.
(A) Sequence alignment of the tip-loop region of SNX5-WT and SNX5-1TIP. The highlighted 
lysines correspond to K442 and K445 of SNX1 present in SNX5-1TIP.
(B) Positive surface charge (blue residues) of the tip-loop region of the SNX5-WT homology model 
and (C) the SNX5-1TIP, including the SNX1 tip-loop region (Q421-Q462) taken from the SNX1 
crystal structure.
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